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DESCRIPTION OF PROBLEM
Within the last several years, drastic drought conditions in Morocco have led to a shortage of straw conventionally used as poultry litter. Affordable materials for poultry litter became increasingly scarce. Low supplies, high cost, and unavailability of suitable material have encouraged the search for alternative litter materials. Wood by-products, rice hulls, and rice straw have occasionally been used as substitute bedding material with various degrees of success [l, 2, 3] . There is, however, little data available concerning the efficiency of some of these materials used in combination.
Previous litter research has shown that litter type significantly affects bird performance and carcass and litter quality. Factors which affect the efficiency of a type of litter include particle size, moisture content and buildup, rate of caking, and other physical characteristics of the material used This study sought to evaluate how alternative poultry litter materials used separately or in combination affected bird performance and litter characteristics when compared to straw.
We measured the qualitative and quantitative properties of each type of litter and performed a subjective evaluation of the effects on bird environment.
[2,4, 5961.
ALTERNATIVE L m E R MATERIALS

MATER RIA IS AND METHODS
Six different litter materials were evaluated in three experiments: whole or ground soft wheat straw (SW, SWG, respectively), ground rice straw (RG), sawdust (SD), wood shavings (WS), and rice hulls (RH). These materials were obtained from commercial suppliers and tested separately in Experiment 1 or in specific combinations in Experiments 2 and 3. This study employed material that remained after removal of wooden pieces exceeding 5 cm from WS and SD. WS were approximately 0.5 cm to 2.0 cm in width and up to 10 cm in length. Ground straw elements were also about 10 cm in length. In Experiment 2, a layer of SW covering either WS or SD was compared to a litter of WS, simulating a situation where straw is scarce. Experiment 3 evaluated WS covering SD or RH in comparison to SW.
A week prior to the start of the experiment each litter was randomly assigned to a 2 x 2 m2 concrete floor pen. When used separately it was placed 5 cm deep; whereas when two materials were used, each layer was approximately 2.5 cm deep providing a 5 cm height bedding with no premixing of its constituents. Equal amounts of each litter material were evenly distributed in replicate floor pens in Experiment 1 or used in association in Experiments 2 and 3. When the 5 cm height of the litter was reached, the amount of material left from the top layer in Experiments 2 and 3 was saved in the pen for litter management in the form of top-dressing the heavily damaged areas around feeders and waterers with fresh litter while supplies lasted. No litter was added, removed, or replaced during the course of each trial, although some stirring of litter material occurred when collecting samples and data. No litter material remained unused in the pens at the end of each experiment.
Management rearing practices simulating local commercial conditions were applied. A commercial all-mash starter diet was fed at the start of each experiment, followed at 18 days for Experiment 1 and 11 days for Experiments 2 and 3 by a pelleted grower diet until market age. Feed and water were supplied ad libitum. No antibiotics or coccidiostats were administered. Each pen was equipped with a hanging tube feeder and a bell waterer. During the first 3 wk, each pen used a flat cardboard feeder and a plastic jug waterer. In each experiment day-old Warren cockerel chicks from a commercial hatchery were placed in a curtain-sided, naturallyventilated commercial poultry facility with a photo regimen of 23 hr light:l hr dark. The experimental building in all experiments consisted of two rooms sharing a concrete wall and containing 18 floor pens altogether, each with an equal proportion of each litter treatment during each experiment. Natural gas brooders in the hallway of the building supplied heat; these were removed at 3 wk of age.
The experimental design consisted of six treatments with three replicate pens of 44 birds each in Experiment 1 (11 birds/m2) and three treatments with three replicate pens of 40 cockerels each in Experiments 2 and 3 (10 birds/m2).
Body weight gain, feed conversion, and percentage mortality were determined for each pen at 21, 42, and 56 days for Experiment 1 and at 21 and 42 days and at the end of Experiments 2 and 3 (51 and 52 days, respectively). Each pen was equipped with a water reservoir and water consumption was determined weekly. Mortality records were maintained daily in each experiment. At the beginning and end of each experiment and at 21 and 42 days, litter samples were collected from five locations within each pen (four peripheral, equidstant from each pen comer, and one central) and thoroughly mixed to obtain material representative of the entire pen. At least 200 g of litter were placed in a plastic container and a subsample was taken for further analysis at the laboratory. Moisture determinations were performed on a 100 g sample weighed and oven-dried for 72 hr at 105°C. The pH of each litter type was measured after litter samples of nearly 5 g were suspended for 30 min in 50 mL of distilled water and stirred for 5 min.
Ammonia nitrogen content of the litter was measured on the remaining litter subsample, properly conserved after extraction of the samples through distillation, fixation with MgO, and titration with HC1 [J. Moisture, pH, and ammonia nitrogen determinations were made on litter samples taken from each replicate floor pen at the start, at 21 and 42 days, and at the end of each experiment. Environmental temperature and humidity were recorded daily at various locations in the research facility. On day 43 and at the end of Experiments 2 and 3, we recorded litter temperatures at a depth of 3 cm from four random peripheral pen locations and a central point. Dust levels were subjectively evaluated throughout the experimental period. One scientist recorded visual scores of dust levels at 21 days and at the end of each experiment. The same researchers used scoring systems based on Visual observations to evaluate Litter quality, feather cleanliness, and rate of compaction or caking of the Litter at various times; these were reported at 22 or 43 days and at the end of each experiment. The incidence of breast burns and blisters, leg abnormalities, and foot pad lesions were observed on each cockerel at market age, and all birds received a subjective feathering score of the breast, flank, and back at the end of each experiment.
The experimental unit for statistical analysis was the individual pen. All data were analyzed using a one-way analysis of variance for each period. Arcsine transformations were performed on percentage values prior to statistical analyses and corrected back to the original base following the multiple range test [8]. Significant differences among treatment means were determined (P < .05) using Duncan's multiple range test [9] .
RESULTS AND DISCUSSION
Litter type had no signifcant influence on body weight or feed conversion in Experiments 1 and 2. Performance of all treatments was within expected ranges for cockerels grown to market age, with small differences found between treatments in Experiment 3 (Tables 1 and 2 ). Numerous studies in which alternative materials were tested have reported that the type of litter material used does not affect bud performance [l, 5, 10, 11, 121; our findings agreed with those of earlier studies.
In (Table 2 ). However, previous research [6] indicates that young chicks may consume litter material, particularly when its particles are of small size.
Mean weekly temperature in the experimental house ranged from 11°C to 32°C for Experiment 1, from 20°C to 32°C for Experiment 2, and 14°C to 30°C for Experiment 3. The ambient relative humidity varied from 54% to 90% during the experiments. No substantial differences in temperature or relative humidity were detected in the various recording stations (data not presented). The moisture levels recorded during these experiments were in the range of published values and may not contribute to a dusty environment in the poultry houses. Viual scores of dustiness and litter compaction or caking did not differ among the various types of litter in Experiment 1 (Table 4) . These results show very little effect of the type of materials tested. In comparison to broilers, cockerels experienced a lower deterioration of bedding materials, possibly because of their slower growth rate.
Litter overall cleanliness index, however, showed significant differences among litter treatments during and at the end of the experiments. When litter consisted partly or entirely of straw, lower index values were obtained (Tables 3 and 4) , perhaps due to a lower moisture-absorbing capacity in straw itself and high water retention in straw-based litters. Moisture content, however, was higher for ground straw litter than for whole straw at the start and end of Experiment 1, but inexplicably lower at 22 and 43 days (Table 3) . No litter treatment affected feathering scores, and no differences were found among litter types with regard to the incidence of breast blisters, leg abnormalities, and foot pad lesions. Since the birds were not affected, the data are not presented.
The low incidence of leg abnormalities and breast blisters may be due to the growth rate and phase of the birds during these experiments and to the relatively low litter moisture contents recorded, which are lower than previously reported values [lo, 131. However these values are within the range of other w e a n s within rows with no common superscripts are significantly different (P -= .OS). Experiment 3. The overall performance obtained, however, tends to indicate that the alternative materials tested are suitable for litter. They may act as a base and can be t o p dressed with less-available materials such as sawdust or wood shavings, which will reduce the need for more expensive materials. We suggest that future studies involve field trials on broilers grown to market age, with the assessment of litter microbiological parameters and an evaluation of carcass sideeffects.
Start
CONCLUSIONS AND APPLICATIONS
1. Wheat and rice straws, sawdust, wood shavings, and rice hulls can serve as alternative litter material for growing birds.
2. All litter materials testedin Experiment 1 individually or in combination did not statistically affect bird performance, water consumption, or mortality rates, and their use did not contribute to a higher incidence of defects in live animals.
